I. Introduction
===============

Electronic Medical Record/Electronic Health Record (hereafter, EMR) systems have been widely adopted and used in most healthcare organizations \[[@B1][@B2][@B3]\]. The EMR is defined as a digital version of legal medical records or charts in clinical settings \[[@B4]\]. Thus, EMR systems could be descriptively defined as computer systems dealing with EMRs. It is important to know to what degree medical charts are digitalized and what functionalities EMR systems have to maximally use EMR systems in clinical settings.

EMR systems have a wide variety of functionalities for healthcare professionals to manage various health problems of patients \[[@B1][@B5]\]. Examples of these functionalities are healthcare information exchange (HIE) and tools or functions of clinical decision support (CDS). CDS could be defined as encompassing various tools of computer systems to enhance a healthcare professional\'s decision-making in the clinical workflow \[[@B6]\]. Examples of CDS functions are warning, alerts, and reminders on various aspects of medical decision-making \[[@B7][@B8][@B9]\].

These functions are closely related to quality of care, healthcare utilization, and costs. EMR systems have the function of health information exchanges, which can reduce healthcare utilization and costs \[[@B10]\]. Functions of CDS directly affect healthcare professionals\' decision making \[[@B11]\]. They could help dentists assess patients\' needs for orthodontic treatments \[[@B12]\]. According to several studies on the CDS of EMR systems, the CDS functionalities were closely associated with the prevention of medical errors, best practices, and the prevention of medical errors and inappropriate prescriptions \[[@B13][@B14][@B15]\]. CDS in EMR systems is expected to be considered more important in the near future \[[@B16]\].

These functions of CDS and digitalized clinical documents are considered important factors for EMR sophistication as well \[[@B17]\]. According to the EMR adoption model of the Healthcare Information and Management Systems Society (HIMSS), both CDS functionalities and the existence of clinical documents are crucial features in identifying the EMR sophistication level as stages 3 to 6, respectively \[[@B18]\]. The level of sophistication of an EMR system is associated with good clinical care \[[@B19]\]. Thus, we may need to know these functionalities and the level of documentation to figure out the level of EMR sophistication. There have been several studies on CDS functionalities and lists of clinical items, such as allergy lists and problem lists \[[@B1][@B20][@B21]\]. Nevertheless, there is a paucity of studies regarding how various CDS functionalities and clinical documents have been installed or structured in the EMR systems.

Therefore, the objective of this study was to investigate the current status of CDS functions and the digitalization of clinical documents in EMR systems as an exploratory study. EMR systems are becoming more important, and most healthcare organizations use EMR systems these days. EMR systems are expected to be rapidly deployed in the near future \[[@B22]\]. The results of this study may contribute to the widespread dispersion of EMR systems throughout the healthcare industry and to the standardization of various clinical documents in healthcare settings.

II. Methods
===========

1. Study Design
---------------

This exploratory study focused on the current status of EMR systems. It had a cross-sectional design, and the unit of analysis was a healthcare organization, such as a general hospital or a small hospital. For this purpose, we conducted a nationwide survey on the specifications of EMR systems from July 25, 2018 to September 30, 2018 in Korea. The contents of the survey were the number of clinical documents, number of digitalized clinical documents, data store format, EMR system installation (development) type, possibility of data extraction, existence of CDSS, existence of 36 digitalized clinical documents in the EMR system, and types of clinical documents coming from outside of hospitals. For clinical documents, this study focused on 36 pre-chosen clinical documents considered important for the health insurance claim review and assessment by the Health Insurance Review & Assessment Service (HIRA).

Respondents of the survey were mainly medical recorders. However, if they were not available, the study allowed staff members in the Department of Information and Communication Technology (ICT) and administrative staff members dealing with health insurance claims in the billing department to participate in the survey. The survey was conducted online. The online survey was developed and linked with the homepage website of the Korean Health Information Management Association (KHIMA). KHIMA sent a message to its members through mobile and e-mail message to inform them of the survey and encouraged them to participate. In addition, HIRA advertised its study through its official homepages and its official survey letter to each study target hospital through e-mail and encouraged them to participate through the survey link on KHIMA\'s homepage. HIRA also directly attached the survey questionnaire to an e-mail with the official survey letters.

The study population was 344 general hospitals including 43 tertiary hospitals and 1,462 small hospitals. This study set all general hospitals and 21% of the small hospitals as the study sample. One hundred hospitals participated in the survey among a total of 344 general hospitals, which showed the response rate of 29.1%. However, this study excluded two hospitals from the analysis because they did not have EMR systems. Of the 304 small hospitals sampled, 35 participated in the survey (response rate = 11.5%). One small hospital was excluded from the analysis because it did not have an EMR system. We also used secondary administrative data from the national health insurance programs, such as foundation type, location, and number of beds in responding hospitals. This manuscript was an outcome of part of a project conducted by HIRA titled "Developing a National Strategic Plan for Health Insurance Claims Review and Assessment with Healthcare Information Exchanges" completed on December 30, 2018. The study was approved by the Institutional Review Board of HIRA on February 5, 2018 (No. 2018-004-001).

2. Outcome Variable
-------------------

This study had two main outcome variables: functional status and the digitalization of clinical documents in EMR systems. In addition to these two main outcome variables, we also identified several variables, such as the approximate number of clinical documents, overall digitalization of clinical documents, and clinical documents most frequently observed at hosptials coming from outside of hosptials. These variables were analyzed with two outcome variables. According to two previous studies \[[@B1][@B21]\], hospitals are more likely to have comprehensive EMR systems as their size increases. Therefore, we considered these variables for two types of hospitals: general hospitals and small hospitals. In Korea, general hospitals are facilities having either 100 to 299 beds and at least seven medical specialties or more than 300 beds and nine specialties. Hospitals (hereafter, small hospitals) are those having more than 30 beds but do not meet the two criteria above. Finally, regarding the CDS functions of EMR systems, we selected six lists based on previous studies: warnings on drug dosage, reminders on the schedule of examinations and tests, order set of prescriptions, clinical practice guidelines, creating clinical documents or documentation templates, and drug utilization review (DUR) functions within EMR systems \[[@B7][@B9][@B21]\].

3. Statistical Analysis
-----------------------

We first examined the general characteristics of study subjects using descriptive statistics between two hospital types: general hospitals and small hospitals. When the frequency of observation was less than 5, we set forth the *p*-value of Fisher exact test. If there were more than two-by-two metrics of the contingency table, then we cited the *p*-value of the Mantel-Haenszel chi-square test. For numeric variables, we used a group t-test. With regard to variables measuring the numbers of clinical documents and digitalized clinical documents, there were 5 missing values, 4 for general hospitals and one for a small hospital. We replaced those missing values with the average number of each hospital group. Finally, the SAS version 9.1 was used for the data analysis.

III. Results
============

The characteristics of the responding hospitals are presented in [Table 1](#T1){ref-type="table"}. A total of 98 general hospitals and 34 small hospitals participated in the survey. The percentages of private hospitals were 14.3% for general hospitals and 76.5% for small hospitals. The percentages of general hospitals and small hospitals located in 7 mega-metro cities including Seoul were 50.0% and 61.8%, respectively. The average numbers of beds in general hospitals and small hospitals were 626 and 155, respectively. While the respondents of general hospitals were mostly medical recorders, the respondents of hospitals were both administrative staff members working in the billing department and specialized staff working on computer systems.

[Table 2](#T2){ref-type="table"} shows the general characteristics of EMR product specifications. The average numbers of clinical documents of general hospitals and hospitals were 1,022 and 159, respectively. The percentage of clinical documents digitalized in EMR systems was approximately 80% in both general hospitals and hospitals. Almost 34% and 38% of general hospitals and small hospitals said that they had full EMR systems and did not have any paper form of clinical document. Only 10% of EMR systems were provided by vendors in general hospitals, whereas 38.2% of EMR systems were provided by vendors in small hospitals. Approximately 26% and 24% of data were stored with XML, text, or both in general hospitals and hospitals, respectively.

[Table 3](#T3){ref-type="table"} shows the CDS functionality status of EMR systems. The top CDS function of EMR systems in general and small hospitals was order set of prescriptions, respectively. For CDS functions such as warnings on drug dosage, reminders on the schedule of exams and tests, and clinical practice guidelines, their proportion for general hospitals was statistically significantly higher than for small hospitals.

[Table 4](#T4){ref-type="table"} presents the percentages of clinical documents located in the EMR systems of general hospitals. The highest percentage was the inpatient progress notes (92.9%) and operation records (92.9%), followed by discharge summary notes (91.8%) among 36 clinical documents in EMR systems. For small hospitals, the highest percentage (91.2%) was equally observed for outpatient medical records, the inpatient progress notes, and physician\'s notes among 36 clinical documents in EMR systems. The proportion of digitalized clinical documents in general hospitals was generally higher than in small hospitals.

[Table 5](#T5){ref-type="table"} presents the percentages of most frequent types of clinical documents from transferring facilities observed at participating hospitals. For general hospitals, clinical documents frequently observed from transferring facilities were image reports (72.5%) followed by diagnostic test reports/results (71.5%) and laboratory reports/results (69.4%). For small hospitals, the highest percentage was observed for physician\'s notes (58.8%), followed by diagnostic test reports/results (50.0%) and image reports (50.0%).

IV. Discussion
==============

This study produced several interesting exploratory findings. For EMR product specifications, this study found that almost 80% of clinical documents were digitalized in both general hospitals and small hospitals. The percentages of general hospitals and small hospitals with 100% paperless medical charts were 33.7% and 38.2%, respectively. The percentages of EMR systems storing information in image format were less than 6% for both hospital groups. Regarding CDS functions, the EMR systems of general hospitals are more likely to have functions of warnings on drug dosage, reminders on the schedule of examinations and tests, and clinical practice guidelines in comparison to those of small hospitals, which was statistically significant. Regarding the lists of digitalized clinical documents, almost 93% of EMR systems in general hospitals have inpatient progress notes, operation records, and discharge summary notes digitalized. The proportion of digitalized documents of EMR systems in small hospitals was much lower than that in general hospitals for each clinical document category. Finally, for the clinical documents coming from outside hospitals, the clinical documents most frequently observed at general hospitals were image reports (72.5%) followed by diagnostic test results (71.5%), and laboratory test results (69.4%), which was statistically higher than those of small hospitals.

The study results from EMR product specifications that only 35% of hospitals have 100% paperless clinical documents in their EMR systems suggests that there is still a long way to go towards the development of sophisticated EMR systems. However, the fact that only 6% of EMR systems have image data storage format is a good sign for HIE because documents stored in image format make HIE difficult. Regarding the adoption rate of CDS functions of EMR systems, we found higher rates than a previous study conducted in Korea \[[@B21]\]. While the previous study targeting general hospitals found CDS adoption rates such as drug-dose support (24.3%), laboratory interaction alerts (28.7%), clinical guidelines (33.9%), clinical reminders (38.0%), and drug--drug interaction alerts (65.0%), we found the following rates: warnings on drug dosage (77.6% in general hospitals, 50.0% in small hospitals), reminders on the schedule of examinations and tests (70.4%, 35.3%), clinical guidelines (43.9%, 17.7%), and DUR (56.1%, 47.1%). Regarding the digitalization of clinical documents, our results show that there is a gap between a full set of digitalized clinical documents and perfect EMR systems. The highest rate of adoption was observed for inpatient progress notes (92%), which means the rest of the EMR systems (8%) might not handle this type of clinical document. Assuming that the adoption rate of any kind of EMR systems in Korea approximately reaches 96% \[[@B3]\], government healthcare ICT policies should focus on EMR sophistication from now on. Regarding the most frequently observed clinical documents coming from outside of hosptials, the study results showed that clinical documents on various test results or image reports have high frequency of observation. Our results are in line with those of a previous study in which an HIE group exchanged a higher number of information items, such as clinical laboratory tests and diagnostic imaging results, in comparison to a non-HIE group \[[@B10]\].

There were several limitations of this study. First, there was a low response rate (11.5%) from small hospitals in the study population. A low response rate, generally speaking, reduces statistical power, which affects study validation. The likelihood of having a department of medical records is low in small hospitals, which could account for the low participation rate. Second, this study was exploratory; hence, it did not include deep statistical analysis. Further rigorous analysis should be conducted with diverse perspectives. Third, we targeted a group of 36 clinical documents which were chosen by HIRA. We may have missed important clinical documents that were not chosen by HIRA. Finally, interpretation of our results may be limited to Korea. This study does not have any comparative studies because there was no previous reference, especially focusing on the diversity of clinical documents.

In summary, this exploratory study investigated the functionalities of CDS and the types of clinical documents in EMR systems. Our results showed that most EMR systems have various CDS functionalities and there was a huge variation regarding the lists of clinical documents digitalized. In particular, the difference between general hospitals and small hospitals was large. These result suggest that EMR systems in Korea need to be developed with a more sophisticated design reflecting a wider variety of clinical documents.

This study indirectly implies that the digital environment of EMR system needs to enhanced through the adoption of sophisticated EMR systems, which means that there is much room for improvement of EMR system. EMR systems are deeply connected and rooted in hospitals\' organizational structure and ICT infrastructure \[[@B23]\]. We must understand the various features of EMR systems to achieve successful implementation of EMR systems \[[@B24]\]. The results of this study could be used for the standardization of CDS function and clinical documents. Moreover, these results make a meaningful contribution to the development of EMR systems by providing the overall current status of CDS functionalities and the level of digitalization of various clinical documents.
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###### General characteristics of responding hospitals
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Values are presented as number (%) or mean ± standard deviation.

^a^All were staff members of ICT department, ^b^13 (38.2) in billing department.

###### Characteristics of EMR product specifications
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Values are presented as number (%).

EMR: Electronic Medical Record.

###### Clinical decision supports functions of EMR systems (unit: %)
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EMR: Electronic Medical Record.

^a^Binary measure: having or not having those functionalities.

###### Precentage (%) of clinical documents digitialized and observed in EMR systems
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EMR: Electronic Medical Record, DRG: Diagnosis-Related Group, IVF: in vitro fertilization.

###### Percentage (%) of clinical documents most frequently observed at hosptials coming from outside of hosptials
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EMR: Electronic Medical Record, KDRG: Korean Diagnosis-Related Group, IVF: in vitro fertilization.
